Multilocus enzyme electrophoresis was adapted to the study of Haemophilus influenzae. Protein extracts from sonicated whole bacteria were subjected to starch gel electrophoresis. After staining with substrates, the position of each isoenzyme (electromorph) was registered. Each isolate was assigned an electrophoretic type (ET) by the combination of electromorphs for the enzymes stained. Twenty-seven enzymes were tested; 12 were expressed in H. influenzae. Six enzymes were selected for subsequent study: malate dehydrogenase (MDH), phenylalanylleucine peptidase (PE2), 6-phosphogluconate dehydrogenase (6PG), adenylate kinase (AK), glucose 6-phosphate dehydrogenase (G6P), and phosphoglucose isomerase (PGI). They were polymorphic and occurred in all isolates. Six electromorphs were found for PE2, G6P, and PGI, five for MDH, four for 6PG, and three for AK. PE2, G6P, and PGI contributed most of the ET resolution (48 of (8, 9, 14) . Recently, it has been used to analyze genetic variation in natural populations of bacteria (6, 7, 19, 23, 25, 29 
been used to analyze genetic variation in natural populations of bacteria (6, 7, 19, 23, 25, 29) . With this technique, genetically controlled variants of enzymes (allozymes) differing in net electrostatic charge as a result of one or more amino acid substitutions are separated in a starch gel. The allozymes are identified after histochemical staining with specific substrates by visually comparing the relative mobility of the enzyme variants side by side on the gel. The electrophoretic type (ET) of an isolate is defined by the combination of electromorphs for the enzymes tested.
By using a relatively large number of enzymes, a positive correlation between estimates of relatedness obtained by enzyme electrophoresis and by DNA hybridization of whole chromosomal DNA has been demonstrated in higher organisms (31) and in bacteria (5, 25) , showing that multilocus enzyme electrophoresis gives a representative measure of relatedness between individuals. Accordingly, Es(hericlhia co(li strains of the same ET were also closely related in other characteristics, e.g., O:K:H serotype (6) .
Several properties have been used to identify isolates of Haemrophilus inflienzlae. For routine epidemiology, capsular type and biotype are accessible. Six capsular types can be distinguished by typing with specific antisera (26) . Nontypable (NT) strains do not react with these typing antisera. The ter. Rochester NY 14627. biotyping scheme of Kilian (12) differentiates seven groups by known metabolic markers. Recently, patterns of lipopolysaccharide and outer membrane proteins (OMPs) have been shown to discriminate H. infllienzae isolates of identical biotype and capsular type (3, 4) . Eleven lipopolysaccharide subtypes and at least 21 OMP subtypes were shown in type b strains (3, 11) , and high variability was observed among NT strains (4) .
Our search for an additional typing technique to characterize H. influenz-ae isolates was prompted by an interest in infections caused by NT H. infliuenzae strains (27; NTb   1  2  3  Other  Blood  14  10  1  3  10  4  0  0  CSF  13  12  1  0  13  0  0  0  MEF  9  0  0  9  1  6  1  1  NPX  35  3  0  32  4 20 11  0  Other  4  0  2  2  2  2  0  Unknown  19  4  11  4  10  2  1  6  Total  94  29  15  50  40 34 For biotyping and protein extract preparations, the bacteria were thawed, transferred to hematin plates, and grown overnight at 37°C in 5% CO2. The biotype was determined by the ability of each strain to produce urease, indole, and ornithine decarboxylase as described by Kilian et al. (13) .
The capsular type and biotype of the H. influenzae strains is shown in After electrophoresis the gels were sliced, stained with specific substrates as described by Selander (29) and Caugant (Ph.D. thesis), read, fixed in acetic acid-methanol-water (1:5:5), and photographed.
Histochemical stains. The staining recipes for the enzymes expressed by H. influenzae (see Table 2 ) are given below. 
to stain, 5 mg of PMS and 8 mg of MTT were added, and the gel was exposed to light at room temperature. Except for IPO, all gels were incubated in the dark at 37°C until staining was complete. All reagents were purchased from Sigma Chemical Co., St. Louis, Mo.
RESULTS
Standardization of the technique. Seventeen isolates were selected to screen for enzymes produced by H. influenzae.
They included isolates of capsular types a, b, c, e, and NT and biotypes 1, 2, 3, and 4. Control protein extracts from E. coli were included on each gel. Only gels with positive staining for E. coli enzymes were regarded as technically acceptable.
Each enzyme was initially analyzed under conditions shown to be optimal for E. coli enzyme electrophoresis (Table 2) . If negative reactions occurred, additional buffer systems (BS1 through BS4) were tried. BS1 and BS2 worked for all positive enzymes except GOT, which required BS4.
BS3 did not resolve any additional enzyme activities.
Fifteen of the 27 enzymes assayed were not detected among the 17 H. influenzae strains regardless of assay conditions (acid phosphatase, aconitate hydratase, alanine dehydrogenase, alkaline phosphatase, alcohol dehydrogenase, catalase, esterase, glutamate dehydrogenase, isocitrate dehydrogenase, lactate dehydrogenase, leucylglycylglycine peptidase, leucine aminopeptidase, L-leucine dehydrogenase, mannose 6-phosphate isomerase, sorbitol dehydrogenase).
The electromorphs of enzymes most frequently detected among the 94 isolates and the assay conditions are shown in Table 2 . MDH, PE2, 6PG, AK, G6P, and PGI occurred in all isolates, except for a null in G6P. Other enzymes were less frequent; FH occurred in 65, PGM in 43, G3P in 18, and HEX in 9 of 94 strains. All enzymes were polymorphic and migrated toward the anode. Six electromorphs were detected for enzymes PE2, G6P, PGI, and PGM; five for MDH, FH, and HEX; four for 6PG; three for AK; and two for G3P, IPO, and GOT. The mobility was graded as variants of fast (F+, F+, F), medium (M, M-), or slow (S+, S, S1, S2, S3). Examples are shown in Fig. 1 .
Reproducibility. The reproducibility of ET determinations was assessed by repeated runs of protein extracts from 23 isolates, all encoded, with staining for each of the six standard enzymes. The same mobility was assigned on 392 of 404 occasions. The variant mobilities were one step away from those expressed in the majority of runs. In a series of three to five repeats for one allozyme, the aberrant electromorph never registered more than once.
Comparison of electromorphs. E. coli and H. influenzae differed both in the repertoire of enzymes expressed and in their mobilities. E. coli expressed 27 enzymes, compared with 12 in H. influenzae. None of the electromorphs of H. influenzae and E. coli were found to comigrate. E. coli expressed four electromorphs, A through D (Fig. 1A) for G6P. The six electromorphs of H. influenzae ran faster than those of E. coli B (strains BRL6-1 and Gina) but slower than those of E. coli A. For PGI, all H. influenzae electromorphs ran slower than E. coli electromorphs (Fig. lb) . For MDH, the H. influenzae electromorphs had a mobility between those of E. coli M and E. coli S (Fig. lc) . For PE2, the six H. influenzae electromorphs ran slower than those of E. coli M.
All the 6PG H. influenzae electromorphs were faster than those of E. coli F strain Gina 1 for AK and slower than the E. coli F+ enzyme.
The nomenclature of the H. influenzae electromorphs was therefore selected independently of that for the E. coli electromorphs; they were graded 1 for the fastest and 6 for the slowest mobility. Definition of ET. Each H. influenzae isolate was assigned an ET by the combination of the electrophoretic forms (electromorphs) for the enzymes tested, in the order MDH, PE2, 6PG, AK, G6P, and PGI (Table 3) .
Strains expressing the same electromorphs for the six enzymes were included in one ET. Strains differing by a null were assigned to different ETs. The relationship between the number of enzymes assayed and the number of ETs discriminated is shown in Fig. 2, starting (5) for a special metabolic function. The E. coli electromorphs are products of known chromosomal loci. The genes encoding 11 of 15 enzymes map on the chromosome of E. coli K-12 from positions 8 to 91 (2) . All 15 enzymes were produced by plasmid-free strains.
For H. influenzae, there is no information on the genetic basis of enzyme synthesis. The selected enzymes were produced by all isolates. They are probably chromosomally encoded, since the same extrachromosomal element is unlikely to occur in 94 isolates from unrelated hosts. We assume that the six enzymes are part of the basic metabolic machinery of H. influenzae, less easily lost or gained than, for example, FH, G3P, or HEX. Recent studies of the chromosomal DNA region encoding the type b capsule (19, 21) have demonstrated that loss of capsule coincided with deletion of a chromosomal DNA fragment (9) . The occurrence of identical ETs in NT and type b strains in the present study suggested that none of the enzymes was encoded by that fragment. It is interesting that strains of biotype 4 were monomorphic for MDH and AK. The number of strains in this group was small, however.
The type b strains expressed a limited number of ETs, distinct from the ETs of other capsular types and most NT strains. All but two of the clinical type b isolates belonged to ET14-biotype 1. The remaining two, ETs 13 and 15, belonged to biotype 1 and differed from ET14 by only one electromorph each. They may therefore represent variants of a common ancestor strain (for analysis of clonality, please see Porras et al. [27; Pediatr. Infect. Dis., in press]). The clinical isolates all originated in Goteborg, Sweden. Type b strains from, e.g., the United States were focused to produce ETs more distant from ET14 (27) . None of the clinical type b isolates examined, the U.S. strains included, was similar to the RAB strain, which differed from ET14 by five electromorphs.
The NT isolates differed from the type b strains in showing a high ET variability in spite of having been isolated in the same geographic area. The genetic diversity of the type b and NT strains is the topic of a separate study (27) . However, a small number of NT isolates expressed the same ET as type b strains. These NT isolates may represent spontaneous b-mutants. There may be a continuous renewal of the NT population by spontaneous loss of the capsule and successive genetic rearrangement. There is no evidence at present for this hypothesis. Accepting the electromorphs as representatives of allele variants at each enzyme locus, differences in ETs may be used to evaluate the genetic relatedness of H. influenzae strains.
